INTRODUCTION
The importance of early identification of infants with permanent hearing impairment is well accepted by the medical community. The federal government Healthy People 2000 1 document recommended that all infants be screened for hearing impairment by 3 months of age. This goal was supported by the recommendations of the 1993 NIH Consensus Conference 2 and by the 1994 and 2000 recommendations of the Joint Committee on Infant Hearing, 3, 4 and the American Academy of Pediatrics. 5 Recent outcome studies indicate there are significant beneficial effects of early identification. 6, 7 In evaluating any new screen program, however, the possibility of adverse effects of the screen must be evaluated. There are several important issues to be addressed. Are the parents adequately informed of the screen procedures? Is there an acceptable false-positive rate to avoid unnecessary worry and diagnostic procedures? When Bess and Paradise 8 wrote their review article in 1994 expressing concerns about adverse effects of universal hearing screening they raised some important issues relative to hearing screening at that time. They estimated that for every infant identified with hearing loss in the well baby nursery, 100 infants would be referred for diagnostic testing causing unnecessary stress for 99 families. Fortunately, since 1993, hospital fail rates have continued to fall with several reports of fail rates at discharge of 2% to 4%. 9 ± 11 This means that currently within a hospital with a 2% fail rate in the well baby nursery, there are 10 infants referred for every infant identified. Therefore, nine families of every thousand tested may experience unnecessary stress. Because there is no perfect screening test available it is necessary for professionals to be aware of potential adverse effects of screening and to make modifications in their program as indicated.
The objectives of this cross-sectional study were to identify and compare the prevalence and degree of maternal worry at the time of an initial neonatal hearing screen and at a post discharge rescreen, to identify maternal demographic factors associated with levels of worry, and to compare maternal worry and knowledge about hearing screening in 1997 and 1999. It was hypothesized that maternal worry about the hearing screen would increase significantly at the time of the rescreen and that there would be less worry reported in the second time period. 
METHODS

OBJECTIVE:
To identify and compare the prevalence and degree of maternal worry about neonatal hearing screening at the time of an initial neonatal hearing screen and rescreen in 1997 and 1999.
STUDY DESIGN:
We report on a prospective cross -sectional investigation of maternal worry about newborn hearing screening. Demographic data, maternal knowledge of hearing screening, and degree of maternal worry were collected on 307 mothers at the time of the neonatal screen and 40 mothers at the time of the rescreen.
RESULTS:
Degree of maternal worry was significantly greater at the rescreen compared to the screen. Mothers who reported greater worry at the time of the screen were more likely to be socioeconomically disadvantaged. Although maternal knowledge about hearing screening increased between the two time periods, degree of worry remained unchanged.
CONCLUSION:
Efforts to minimize the neonatal false -positive hearing screen rates and to educate mothers about hearing screening are indicated to minimize unnecessary worry. 13, 14 was chosen as the screen method. Infants in the Well Baby Nursery were screened at approximately 24 hours of age. Those infants who did not meet passing criteria had the TEOAE screen repeated before discharge. Those infants who did not pass the screen before discharge returned to the hospital at 2±6 weeks of age for an outpatient rescreen. By 1996 the hospital discharge screen fail rate was 7%. In January 1997, a trial protocol change for initial screens in the Well Baby Nursery at Women & Infants Hospital was initiated to include a second step Automated Auditory Brainstem Response (AABR) screen for TEOAE screen fails. All infants who did not meet passing criteria for either the initial TEOAE screen or the repeat TEOAE screen received an AABR screen at 35 dBnHL, utilizing the Natus ALGO II AABR, before discharge. This protocol change resulted in a decrease in the initial fail rate at discharge for those infants screened in the Well Baby Nurseries at Women & Infants Hospital. The outcome has been favorable, successfully decreasing the initial screen fail rate from 7% in 1996 to 3% in 1999 as shown in Figure 1 .
Specific protocols are in place for notifying parents of screen and rescreen results. Parents of infants who do not meet passing criteria for the in-hospital screen are contacted 2±4 weeks after hospital discharge so that the screening may be repeated. The screen results and the audiologist's recommendations for a hearing rescreen are communicated to the parents and to their pediatrician in written format. A follow-up telephone call is made shortly thereafter by a member of the RIHAP staff so that the rescreen appointment may be scheduled.
The results of the outpatient rescreen are also communicated to the parents in written form, regardless of whether or not the child passes the screen. However, for those children who do not pass, recommendations for diagnostic testing are communicated to the parent by the audiologist at the rescreen appointment. At that time, the audiologist will explain why formal testing should be completed and provide the parents with a referral list and some basic literature about hearing loss and hearing aids. A follow-up phone call is made to the parents within 48 hours to assist them in scheduling the follow-up appointment and to address any parental concerns/ questions. The screen process is completed with a phone call to the infant's pediatrician. Results and recommendations are explained to the physician so that he/she may ensure that appropriate follow-up is sought, and so that he/she may be better prepared to support the parents throughout the diagnostic process.
The study. The cross-sectional interview study was conducted at Women & Infants Hospital well baby nurseries during two time periods. The first study was conducted between June 1, 1997 and October 15, 1997 and the second was between July 1, 1999 and August 30, 1999. Hearing screening is considered a standard of care and infants are screened in the nurseries. Efforts to inform parents of the screening process consist of hearing screen brochures in the preadmission packets, prenatal classes where the brochure is distributed and a video on hearing screening is shown, and placing a similar hearing screen brochure in the crib at the time of the screen. In addition, the hospital has a TV/video channel on which a hearing screen video can be viewed in every patient room.
Mothers of infants having their neonatal screen were approached by one of three research assistants about participating in the study before discharge. Mothers who did not speak English were not included in the interview study. Bilingual mothers who were able to communicate with the research assistants and read the questionnaire were invited to participate. Mothers were not aware of their infants' screen results. They were informed by a research assistant that the purpose of the study was to learn what mothers knew about hearing screening. During the same time period, mothers of infants returning for a rescreen 2 to 8 weeks after discharge were approached to participate in the study. These mothers had been informed that their infants had not met pass criterion for the neonatal hearing screen, but they did not yet know the results of the rescreen. Cross-sectional data were collected on 307 mothers who participated in the initial screen component of the study and on 40 mothers who participated in the rescreen component of the study. Eighty percent of mothers of infants having the neonatal screen and 90% of mothers of infants having the rescreen agreed to participate in the study. Mothers in both arms of the study were given the same questionnaire that included questions about social, environmental and family factors, 14 and questions related to knowledge of the hearing screen program and worry about hearing screening. Questionnaires were filled out independently. The specific question for which mothers rated their degree of perceived worry on a Likert scale is shown: How anxious or worried were you about the hearing screen? 1, not worried; 2, mildly worried; 3, somewhat worried; 4, worried; 5, very worried.
Data were analyzed with SAS/STAT software. Frequency distributions were calculated. Chi-square analyses were done to evaluate categorical relationships between demographic and socioeconomic factors and worry levels.
RESULTS
The infants were all healthy and cared for in well baby nurseries. Mean birth weight of screen infants was 3578 g compared to 3544 g for rescreen infants. Table 1 lists the maternal demographic data for all mothers enrolled in 1997 and 1999 at the time of the screen and at the time of the rescreen.
Characteristics of the mothers in the screen group reflect the Rhode Island population. The group of mothers returning for the rescreen, however, were more likely to have disadvantaged socioeconomic characteristics, including single status (49% vs. 29%), less than a high SES score (21% vs. 9%). Table 2 provides some insight into maternal knowledge about the hearing screen program at Women & Infants Hospital comparing 1997 and 1999. Twenty-nine percent of screen mothers in 1997 and 27% in 1999 reported that they learned of the hearing screen program before hospitalization. Significantly more rescreen mothers reported that they learned of the program before hospitalization during 1999 compared to 1997 (21% vs. 0%, p<0.04). The percent of screen mothers reporting that they received the program brochure increased significantly between 1997 and 1999 (20% vs. 36%, p<0.003) with a trend for the rescreen mothers (15% vs. 21%). Although there were no differences in responses between 1997 and 1999, significantly more screen mothers (84% to 90%) reported the brochure was helpful compared to only 15% to 21% of rescreen mothers (p<0.001). In response to the question``Were you worried about the screen test?'', significantly more rescreen mothers responded yes compared to screen mothers (55% and 42% vs. 10% and 9%), p<0.001). Table 3 shows the level of worry ranked from none to very worried by mothers at the time of the initial screen and rescreen. At the time of the neonatal screen only 3.8% (1997) and 4.0% (1999) of mothers were worried or very worried. This degree of worry reported by mothers at the time of the rescreen was significantly greater at 33% (p<0.001) and 17% (p<0.001) in 1997 and 1999, respectively. Analysis of time effects between 1997 and 1999 was not significant. Table 4 shows the association between maternal demographic characteristics and level of worry for the total sample of screen mothers. For the categorical analyses the worry variable was collapsed and dichotomized. Not worried included no worry to mild worry responses and worried included somewhat worried, worried and very worried. Lower maternal education was associated with reporting increased worry. Twenty percent of mothers with an education level of high school or less, 11% with partial college education, and 4% of college graduates reported feeling worried. Eighteen percent of primigravidas reported higher levels of worry compared to 10% of multigravidas. Screen mothers who reported greater worry were significantly more likely to be bilingual, single, and non-White. In addition, learning about the hearing screen during the hospitalization instead of before the hospitalization was associated with increased worry (15% vs. 0%, p<0.012). These associations were not significant in the smaller rescreen sample.
DISCUSSION
The findings relative to the low degree of maternal worry at the time of the neonatal screen reported by mothers of well babies should reassure pediatricians and audiologists who oversee hearing screen programs. The majority of mothers (88% to 89%) reported none or very mild worry at the time of the neonatal screen. Only 7% to 8% reported being somewhat worried, 1.3% to 2.5% reported feeling worried and 1.3% to 2.7% reported feeling very worried. At the time of the screen study mothers were not aware of their infants' screen results. This was in sharp contrast to the findings of the mothers responding at the time of the rescreen to the identical question about degree of worry at the time of the initial hearing screen. These mothers were all acutely aware of the fact that their infants had not passed the initial screen. The percent of rescreen mothers either worried or very worried was significantly greater. This is consistent with the report of Abdala de Uzcategui and Yoshinaga-Itano. 16 In this study they sent mail interviews to families who had been referred for additional audiologic testing. Thirty-seven percent of mothers reported feeling depressed, 31% felt frustrated, and 22% felt anger. In the study of Barringer and Mauk, 17 parents were queried as to whether the anxiety experienced as a result of their baby not passing the hearing screening would be outweighed by the benefits of early detection; 84.9% of parents responded yes. A study conducted in the United Kingdom at Whipps Cross Hospital revealed that 1% of mothers reported being worried about screening and 97% felt that newborn screening was beneficial. 19 Among the parents of infants who failed the screen and required a rescreen, 3.5% reported being very worried. In contrast, in the Rhode Island cohort of mothers of infants who failed the screen and required a rescreen, 14% in 1997 and 6% in 1999 reported feeling very worried. These data support the concept that parents experience greater stress when they are informed that their infants did not pass a newborn hearing screen. Therefore, limiting both the false-positive rate and limiting the time interval between being informed of the neonatal screen fail and the rescreen to minimize unnecessary anxiety are important preventive health issues. In Rhode Island this issue has been addressed in two ways: First, by calling the parent 1±2 weeks after discharge instead of 4± 6 weeks after discharge, and scheduling the appointment within a few days to minimize parental worry. Second, implementation of a new two stage screen protocol (TEOAE followed by AABR) resulted in the initial fail rate dropping from 7% to 3% between 1996 and 1999. Follow-up of the 40 infants in the rescreen protocol revealed that one infant was subsequently identified with permanent hearing loss, again emphasizing the importance of limiting the falsepositive rate.
The relationships among the maternal demographic characteristics and maternal level of perceived worry are also of interest. Although childbirth itself may affect maternal emotional stress, 18, 19 primigravidas are known to experience more stress in the peripartum period than multigravidas. Therefore, it is not surprising that the primigravidas in this study perceived greater worry relative to the newborn hearing screen. Maternal perceptions of stress during pregnancy and at the time of delivery are influenced by a myriad of factors including marital adjustment, complications of pregnancy and maternal age. 20 Additional SES factors associated with worry were all related to lower socioeconomic status including lower maternal education, bilingual status, single, and non-White race. The other factor that was associated with stress was not learning about the hearing screen until after admission to the hospital. This suggests that the low SES mothers were less likely to have read the literature provided before hospital admission (English, Spanish, and Portuguese versions) and suggests that the current approach may not be as``user-friendly'' as intended.
A study by Brand and Coetzer 21 on parental responses to hearing impairment support our findings at the time of the screen. They found that mothers with less education reported significantly more stress relative to their child's hearing impairment than those mothers with more education. Meadow-Orlans 22 studied sources of stress for parents of infants who are deaf or hard of hearing. They administered the Parenting Stress Inventory (PSI) to 20 parents of 9-month-old infants who were deaf or hard of hearing and 20 nine-month-old hearing infants and showed that mothers of infants who were deaf or hard of hearing perceived significantly greater life stress. These reports suggest that there is a continuum of increasing stress for families whose infants are identified with hearing impairment that increases as they progress though the screen, rescreen, diagnostic, and intervention process. 17,21 ± 23 The stress experienced by parents of an infant with a newly diagnosed disability is real and requires family and professional support and intervention. 24 The stress associated with a normal newborn screen, however, is minimal. Our data suggest that maternal worry associated with hearing rescreens is significantly greater than at the time of the initial screen and strategies to minimize false-positives and unnecessary worry are imperative. A number of studies have reported that false-positive results for screen programs for hypothyroidism, 25 Downs syndrome, 26 PKU, 27 and cystic fibrosis 28 produce increased levels of anxiety. There is some evidence that there may be residual effects on the family 12 to 24 months after the screen, even after the family is informed that the screen was a false-positive and their child is well. Tluczek et al. 28 identified that parents informed of rescreen results for cystic fibrosis over the phone had less of an understanding of the results than families informed in person and this effect was compounded by lower maternal education. Longer followup studies of hearing screen programs are needed to identify if there are residual long-term psychosocial effects on the family.
The demographic data for the mothers in the screen sample overall reflect the Rhode Island population. The demographic data collected on mothers in the rescreen group, however, revealed an unexpected finding. Mothers who returned with their infants for a rescreen were more likely to be experiencing social or economic disadvantage than the mothers in the screen group. This is of interest because all infants in both samples were term infants cared for in the well baby nurseries. The rescreen refer rates during the two time periods was 6% and 3%. Because 90% of mothers of infants who did not pass the initial screen returned with their infants for a rescreen during the study period, and the research assistants approached and requested informed consent from all rescreen mothers who returned with their infants, we infer that there was no study protocol bias for enrolling lower SES mothers into the second arm of the protocol. Further, prospective investigation is needed to determine why family low-SES status in the well baby nurseries is associated with a higher risk of not passing the newborn hearing screen.
Another important finding of the study was the limited amount of maternal reported awareness of the hearing screen program. Although only 29% and 21% of mothers at the initial neonatal screen stage reported that they knew about the hearing screen program before hospital admission, an additional 67% to 73% reported that they learned about the program during their hospitalization. We conclude that a secondary benefit of the study was that administering the questionnaire to the screen group raised awareness about the hearing screening. This is strongly suggested by the fact that 70% of mothers of rescreens during 1997 reported that they learned about the screen program after discharge, presumably when they were contacted to return for a rescreen. By 1999, 21% of rescreen mothers reported learning about the hearing screen program before hospitalization, 37% during the hospitalization, and 36% after the hospitalization. In addition, although 84% and 90% of screen mothers reported that the program brochure was helpful only 15% to 21% of rescreen mothers reported the brochure was helpful suggesting that supplemental information is needed for the mothers returning for a rescreen.
The finding of limited maternal awareness of the neonatal hearing screen program is disturbing because the RIHAP screen program had a comprehensive educational strategy in place at the time of the study including: (1) brochure on hearing screen provided in preadmission packet, (2) hospital tv/video programs available on hearing screening, (3) brochure on infant screening placed in every infants' crib for the parent at the time of the newborn screen, and (4) hospital hearing screen videos in childbirth classes and on patient education charts on every floor. The study findings suggest that either parents do not read the hearing screen material provided, or other activities and information compete for their attention at the time in their lives when many other significant and exciting changes are occurring.
In summary, only 9% to 10% of mothers report any worry associated with a routine newborn hearing screen. Degree of worry increases significantly, however, for mothers who return for a rescreen with the knowledge that their infant did not pass the newborn screen. Mothers at greater risk of increased worry at the time of the screen are socioeconomically disadvantaged and less aware of newborn hearing screening. Continued efforts to minimize the neonatal false-positive hearing screen rate and to educate mothers about hearing screening before admission for childbirth are indicated.
